The association between adiposity parameters and cognition is complex. The purpose of this study was to assess the relationship between adiposity parameters and cognition in middle-aged and elderly people in China.
Introduction
It is well known that the prevalence of overweight and obesity has increased in adults. Specifically, the prevalence is 21.8% in China, [1] compared with >50% in the United States. [2] The highest prevalence was observed among adults aged ≥45 years. [3] Overweight and obesity are associated with many adverse conditions such as heart disease, [4] hypertension, cognitive dysfunction, [5] and diabetes mellitus. [6] Dementia, a cognitive dysfunction, is the most challenging disease associated with overweight and obesity, because patients with dementia require more complex care and experience economic, psychosocial, and physical difficulties. Recently, both adiposity and cognitive dysfunction have become important public problems in many countries.
The relationship between adiposity parameters and cognition has recently attracted the interest of researchers. A review [7] was conducted on studies that reported an association between obesity and cognition across the lifespan, including children and adolescents (aged 4-18 years), adults (aged 19-65 years), and elderly persons (aged 66-95 years). A relatively consistent finding was that obesity is associated with cognitive dysfunction, especially in the aspects of memory and executive function, across the lifespan (i.e., in children, adolescents, and adults). Overweight and obesity have been associated with self-reported functional decline [8] and performance-based measurement decline [9] in the elderly population; however, the relationship between adiposity parameters and cognition remains controversial. In humans, previous studies have suggested that individuals with obesity were likely to have a higher cognitive function (i.e., the "jolly fat" hypothesis), [10, 11] and several studies have reported outcomes consistent with this hypothesis. However, most studies [12] [13] [14] found that obesity was associated with an increased risk for cognitive dysfunction. Further, other studies [15, 16] have demonstrated that in some individuals weight loss or being underweight was associated with cognitive decline. Animal studies [17] have shown that rats with obesity had worse learning and memory task performances than normal-weight rats.
To date, the relationship between adiposity and cognitive function, especially the effect of obesity on cognitive function in middle-aged and elderly individuals, remains uncertain. Thus, our study aimed to investigate the relationship between adiposity parameters and cognitive function in middle-aged and elderly Chinese people, and to apply the "jolly fat" hypothesis to cognition.
Methods

Study sample
The data for this cross-sectional study were taken from the China Health and Retirement Longitudinal Study (CHARLS), a biennial and nationally representative longitudinal survey conducted by the China Centre for Economic Research at Peking University. [18] The baseline survey had a 4-stage, stratified, cluster probability sampling design. All participants enrolled for the study signed the consent, and the institutional review board of the Peking University approved the study protocol. The cross-section and observational design follow the STROBE guidelines. [19] The data is publicly available (http://charls. pku.edu.cn/zh-CN), and our study have no direct contact with the individual participants.
In the first stage, all counties in China were stratified by region, rural/urban status, and gross domestic product per capita. A random sample of 150 counties was selected to represent the socioeconomic and geographic pattern of all counties. In the second stage, 3 primary sampling units (PSUs) were selected in each county, with the probability of inclusion of each county in the sample being proportional to its population size. In the third stage, all households in each selected PSU were mapped and a random sample of 24 households was selected among all households, with residents aged ≥45 years within each PSU. Finally, for each selected household, 1 resident aged ≥45 years was randomly selected as a survey participant. The 2011 CHARLS Wave1 sample (N = 9308) consisted of 44.43% men (age: mean [M], 60.28 years; standard deviation [SD], 9.22; range, 45-93 years) and 55.57% women (M, 58.86 years; SD, 9.40; range, 45-96 years). Of the respondents, 6.68% and 3.22% had completed high school and had more than vocational school education, respectively. By contrast, 28.46% of the respondents were illiterate and 61.64% had less than elementary school education. Moreover, 64.77% live in rural areas and 35.23% live in urban areas. Table 1 presents the baseline characteristics of the sample for all studied variables, most of which were based on our previous study. [3, 20, 21] Zhang et al. Medicine (2019) 98: 10 Medicine Table 1 Baseline characteristics with full samples (N = 9308). 
Variables
Demographic characteristics and self-reported risk factors
Data, including age, education, marital status, current residence, smoking status, alcohol consumption, eating habits, activity performance, accidental injury, physical exercise, self-reported health status, sleeping hours, and diseases, were obtained using a self-reported questionnaire.
1. The median age was 59 years, and age was classified into < 59 years and ≥59 years. 2. Educational level was classified into illiterate, less than elementary school, and above high school. 3. Marital status was classified into married and single. 4. Current residence was classified into rural and urban. 5. Smoking status was classified into never smoking, exsmoking, and current smoking. 6. Alcohol consumption was classified into none, less than once a month, and once a month. 7. Eating habits were categorized into 2 meals per day or fewer, 3 meals per day, and 4 meals per day or more. 8. Activity performance was dichotomized into at least once a month and never. 9. Major accidental injury information was obtained by asking the participant whether he or she has experienced any type of major accidental injury and received medical treatment, with the answer being "yes" or "no." 10. Regular physical exercise was defined as exercising at least 3 days/week and >30 min/day, including moderate to vigorous physical activity and walking. 11. Self-reported health status was categorized into poor, fair, good, very good, and excellent. 12. The number of sleeping hours was defined as the average hours of sleep per night during the past month. 13. Following Chang, [22] a continuous variable that reflects the presence of chronic health conditions was used, by assessing 14 common chronic symptoms among the middle aged and elderly, including hypertension; dyslipidemia; diabetes or high blood sugar; cancer or malignant tumor; chronic lung diseases; liver disease; heart problems; stroke; kidney disease; digestive disease; emotional, nervous, or psychiatric problems; memory-related disease; arthritis or rheumatism; and asthma. The presence of each symptom was scored 1, and the sum of scores for all symptoms, which ranged from 0 to 14, was used as an indicator of disease. 14. menopause information was obtained by asking the participant whether she has started menopause, with the answer being "yes" or "no."
Cognition assessment
Cognitive function was evaluated in 5 domains: Telephone Interview for Cognitive Status (TICS-10), immediate word recall, delayed word recall, self-rated memory, and drawing a picture. TICS-10 was used to measure mental capacity. [23] It includes 10 questions about awareness of the date (year, month, day, week, and season) and consecutive 5 times 100 minus 7. The total TICS-10 score was based on correct answers, ranging from 0 to 10.
Self-rated memory was evaluated using the following questions: "How would you rate your memory at the present time? Would you say it is excellent, very good, good, fair, or poor?" The answer was defined using 5 possible ordinal categories, including poor (1), fair (2), good (3), very good (4), and excellent (5). [24] Immediate word recall and delayed word recall were used to assess the respondents' memory. [24] Of 4 lists that each contain 10 nouns (list A: rice, river, doctor, clothes, egg, cat, bowl, child, hand, and book; list B: stool, foot, sky, money, pillow, dog, house, wood, school, and tea; list C: mountain, stone, blood, mother, shoes, eye, girl, house, road, and sun; and list D: water, hospital, tree, father, fire, tooth, moon, village, boy, and table), 1 list was randomly selected and read slowly with an interval of approximately 2 s between each word. Immediately after reading, the respondents were given approximately 2 minutes to recall as many of those words as they possibly could. Thereafter, the respondents were again asked to repeat the words they could remember. On the basis of the correctly recalled words, we obtained 2 scores for immediate recall and delayed word recall memory, which ranged from 0 to 10.
Drawing a picture was also used in the survey, [23] in which a picture was shown and the respondents were asked to draw the image as similarly as possible. If the respondents successfully finished or failed to finish the task, the score assigned was 1 or 0, respectively.
Adiposity parameter measurement
Weight was measured using a weighing instrument. Height was measured with a height gauge, with the participant standing in an upright position on stocking feet or barefoot on the floor, with the back resting on the vertical back of the meter, the upper limbs drooping naturally, the heels close together, the toes separated by 60°, and the head straight forward The waist circumference (WC) was measured using a tapeline, which was placed at the navel level to measure the waist perimeter at the end of exhalation.
The body mass index (BMI) was calculated using the weight and height measurements, and the participants were classified into 4 categories according to BMI: underweight (BMI <18.5 kg/ m 2 ), normal weight (18.5-24 kg/m 2 ), overweight (24-28 kg/m 2 ), and obese (Â28 kg/m 2 ). [25] The WC was measured over the umbilicus between the lower border of the ribs and the iliac crest in a horizontal plane, with a cloth measuring tape. According to the standard Chinese definition, [26] central obesity was defined as a WC of ≥90 cm for men and ≥85 cm for women.
Statistical analysis
Data are presented as means ± SDs (continuous data) and as numbers and percentages (categorical data). Differences between men and women and between normal-weight and underweight participants or those with adiposity were evaluated using the ttest or chi-square test, followed by Bonferroni adjustment. The associations of adiposity with cognitive function were first assessed using binary logistic (drawing a picture) or linear (TICS, immediate word recall, delayed word recall, self-rated memory) regression models, as appropriate. Thereafter, multiple linear regression models or binary logistic regression models adjusting for potential confounders (i.e., age, education level, marital status, residence, cigarette smoking, alcohol drinking, eating habits, activity performance, history of a major accidental injury, self-reported health, physical exercises, sleeping hours, and diseases) were used to examine the odds ratios (ORs) or b values for cognition across a range of adiposity. All data were analyzed using SPSS version 17.0 (SPSS Inc., Chicago, IL). . According to the modified Chinese criteria for BMI, [25] 25.58% of the men were overweight and 8.38% were obese, whereas 32.75% of the women were overweight and 14.50% were obese. According to the modified Chinese criteria for WC, [26] 29.80% of the men and 52.29% of the women were obese. Table 2 shows the relationship between BMI and baseline characteristics in both men and women. History of a major accidental injury and performance of exercise had no significant difference between the BMI groups in men. Only history of a major accidental injury had no significant difference between the BMI groups in women. The differences in the other variables were insignificant. Table 3 shows the relationship between WC and baseline characteristics in both men and women. Alcohol drinking, history of a major accidental injury, and performance of exercise had no significant difference between the WC groups in men. Marital status, cigarette smoking, history of a major accidental injury, self-reported health, physical exercises, and self-rated memory had no significant difference between the WC groups in women. The differences in the other variables were insignificant.
The regression analysis indicated that BMI and WC were linearly and positively associated with the domains of cognitive function (Table 4) . After adjusting for age, education level, marital status, residence, cigarette smoking, alcohol drinking, eating habits, activity performance, history of a major accidental injury, self-reported health, physical exercises, sleeping hours, and diseases, we determined the outcomes of interest in the relationship between BMI and cognition (Table 4) . First, compared with normal weight, overweight (men: P = .006, b = 0.04, standard error [SE] = 0.09; women: P < .0001, b = 0.06, SE = 0.08) and obesity (men: P = .005, b = 0.04, SE = 0.14; women: P < .0001, b = 0.05, SE = 0.11) had a significant positive association with mental capacity. Conversely, underweight in men (P < .0001, b = -0.07, SE = 0.14) had a significant negative association with mental capacity. Second, compared with normal weight, overweight (men: P = .015, b = 0.04, SE = 0.07; women: P = .011, b = 0.04, SE = 0.06) had a significant positive association with immediate recall; women with obesity (P = .002, b = 0.04, SE = 0.08) showed a similar ability to perform the task as in their ability of immediate recall. Underweight (men: P = .006, b = À0.04, SE = 0.11; women: P = .041, b = À0.03, SE = 0.11) had a significant negative association with the ability of immediate recall. Third, in women, overweight (P = .015, b = 0.03, SE = 0.06) and obesity (P = .031, b = 0.03, SE = 0.08) had a significant positive association with the ability of delayed recall. Lastly, middle-aged participants who were overweight (men: OR = 1.269, 95% confidence interval [CI] = 1.05-1.53; women: OR = 1.226, 95% CI = 1.06-1.42) tended to draw a more correct picture than middle-aged and elderly participants with normal weight.
With respect to the association between WC and cognitive function (Table 5) , participants with obesity demonstrated better mental capacity (men: P < .0001, b = 0.06, SE = 0.08; women: P < .0001, b = 0.05, SE = 0.07), ability to recall immediately (men: P = .030, b = 0.03, SE = 0.06; women: P = .001, b = 0.05, SE = 0.05), and ability to draw a picture (men: OR = 1.399, 95% CI = 1.17-1.67; women: OR = 1.273, 95% CI = 1.12-1.45) than those with normal weight after multivariate adjustment. Women with obesity (P = .044, b = 0.03, SE = 0.06) showed a better ability of delayed recall than participants with normal weight. Tables 6 and 7 show relationships between BMI or WC and cognitive categorized by age in men and women. After adjusting for age, level of education, marital status, residence, cigarette smoking, alcohol drinking, eating habits, activity performance, history of a major accidental injury, self-reported health, physical exercises, sleeping hours, and diseases, we determined the outcomes of interest in the relationship between BMI and cognition (Table 6 ). First, compared with the participants with normal weight, the participants who were overweight (men with age of ≥ 59 years: P = .006, b = 0.05, SE = 0.13; women with age of ≥ 59 years: P < .0001, b = 0.07, SE = 0.12) and obese (men with age of ≥ 59 years: P = .014, b = 0.05, SE = 0.21; women with age of 45-58 years: P = .007, b=0.05, SE = 0.11; women with age of ≥59 years: P = .002, b = 0.06, SE = 0.17) had a significant positive association with mental capacity; Conversely, the participants who were underweight (men with age of 45-58 years: P = .002, b=-0.07, SE = 0.25; men with age of ≥59 years: P = .002, b = À 0.06, SE = 0.18; women with age of 45-58 years: P = .023, b = À 0.04, SE = 0.04) had a significant negative association with mental capacity. Second, compared with the participants with normal weight, the participants who were overweight (men with age of 45-58 years: P = .036, b = 0.05, SE = 0.10; women with age of ≥59 years: P = .003, b = 0.06, SE = 0.09) had a significant positive association with immediate recall; The women with age of 45-58 years who were obese (P = .021, b = 0.05, SE = 0.11) showed a similar ability to perform the task as in their ability of immediate recall. The men with age of ≥59 years who were underweight (P = .003, b = À0.06, SE = 0.13) had a significant negative association with the ability of immediate recall. Third, the women with age of ≥59 years who were overweight (P = .004, b=0.06, SE = 0.09) had a significant positive association with the ability of delay recall. Fourth, compared with the participants with normal weight, the participants who were overweight (men with age of ≥59 years: P = .022, b = 0.05, SE = 0.04; women with age of ≥59 years: P = .044, b = 0.04, SE = 0.04) and obese (women with age of ≥59 years: P = .018, b = 0.05, SE = 0.05) had a significant positive association with self-rated memory; Conversely, the men with age of 45-58 years (P < .0001, b = À0.12, SE = 0.02) had a significant negative association with self-rated memory. Lastly, the women with age 45-58 years (OR = 1.246, 95% CI = 1.02-1.53) were likely to draw a more www.md-journal.com Table 2 Relationship of various characteristics and BMI in study population (N = 9308). (Table 7) , the subjects with obesity demonstrated better mental capacity (age of 45-58 years, men: P < .0001, b = 0.08, SE = 0.11; women: P = .001, b = 0.06, SE = 0.10. age of ≥59 years of age, men: P = .006, b = 0.05, SE = 0.12; women: P = .012, b = 0.04, SE = 0.11), ability to recall immediately (age of 45-58 years, women: P = .028, b = 0.04, SE = 0.08; age of ≥59 years, women: P = .007, b = 0.05, SE = 0.08), and ability to draw a picture (age of 45-58 years, men: OR = 1.527, Table 3 Relationship of various characteristics and BMI in study population (N = 9308). Zhang et al. Medicine (2019) 98:10 www.md-journal.com Table 5 Estimated crude and adjusting ORs for WC and cognitive performance in population (N = 9308).
Variables TICS P (b,SE)
Immediate word recall P (b,SE) delay word recall P (b,SE) Zhang et al. Medicine (2019) 98:10 Medicine Table 6 Estimated crude and adjusting ORs for BMI and cognitive performance categorized by age in population (N = 9308). . Regression coefficients were adjusted for age, education, marital status, residence, smoking, drinking, eating, participating in activities, once in major accidental injuries, self-reported health conditions, regular physical exercises, an average hour of night, and diseases.
Zhang et al. Medicine (2019) 98:10 www.md-journal.com 95% CI = 1.15-2.03; women: OR = 1.320, 95% CI = 1.10-1.58. age of ≥59 years, men: OR = 1.284, 95% CI = 1.02-1.61; women: OR = 1.223, 95% CI = 1.01-1.49) than those with normal weight after the multivariate adjustment. Tables 8 and 9 show relationships between BMI or WC and cognitive categorized by educational levels in men and women. After adjusting for the related confounders, we determined the outcomes of interest in the relationship between BMI and cognition (Table 8) . First, compared with the participants with normal weight, the participants who were overweight (men with less than elementary school education: P = .011, b = 0.05, SE = 0.10; women with illiterate: P = .001, b = 0.08, SE = 0.13) and obese (men with less than elementary school education: P = .005, b = 0.05, SE = 0.16; women with illiterate: P = .004, b = 0.06, SE = 0.18; women with less than elementary school education: P = 0.010, b = 0.05, SE = 0.15) had a significant positive association with mental capacity; conversely, the participants who were underweight (men with less than elementary school education: P < .0001, b = À0.07, SE = 0.17; men with above high school education: P = .014, b = À0.11, SE = 0.34) had a significant negative association with mental capacity. Second, compared with the participants with normal weight, the participants who were overweight (men with less than elementary school education: P = .044, b = 0.04, SE = 0.08; men with above high school education: P = .041, b = 0.09, SE = 0.17) had a significant positive association with immediate recall; The participants who were obese (women with illiterate: P = .028, b = 0.05, SE = 0.13; men with less than elementary school education: P = .016, b = 0.05, SE = 0.11) showed a similar ability to perform the task as in their ability of immediate recall. The men with illiterate who were underweight (P = .003, b = À0.12, SE = 0.24) had a significant negative association with the ability of immediate recall. Third, the women with less than elementary school education who were obesity (P = .043, b = 0.04, SE = 0.12) had a significant positive association with the ability of delay recall. Fourth, compared with the participants with normal weight, the men with less than elementary school education who were overweight (P = .023, b = 0.04, SE = 0.03) had a significant positive association with selfrated memory. Lastly, the men with less than elementary school education who were overweight (OR = 1.312, 95% CI = 1.06-1.63) and obesity (OR = 1.601, 95% CI = 1.11-2.31) were likely to draw a more correct picture than the middle-aged and elderly individuals with normal weight. Regarding the association between WC and cognitive function (Table 9) , the subjects with obesity demonstrated better mental capacity (with illiterate, men: P = .045, b = 0.09, SE = 0.29; women: P < .0001, b = 0.09, SE = 0.11. with less than elementary school education, men: P < .0001, b = 0.08, SE = 0.09), ability to recall immediately (with illiterate, women: P = .027, b = 0.05, SE = 0.08. with less than elementary school education, men: P = .007, b = 0.05, SE = 0.07; women: P = .002, b = 0.06, SE = 0.08), ability to recall delay (men with less than elementary school education: P = .023, b = 0.04, SE = 0.08), self-rated memory(women with less than elementary school education: P = .030, b = 0.04, SE = 0.03), and ability to draw a picture (men with less than elementary school education: OR = 1.528, 95% CI = 1.25-1.87; women with illiterate: OR = 1.404, 95% CI = 1.14-1.73).
Discussion
The association between adiposity parameters and cognition is complex in middle-aged and elderly individuals. Several studies have investigated the relationship between underweight or weight Table 7 Estimated crude and adjusting ORs for WC and cognitive performance categorized by age in population (N = 9308). Zhang et al. Medicine (2019) 98:10 Medicine Table 8 Estimated crude and adjusting ORs for BMI and cognitive performance categorized by education in population (N = 9308). Zhang et al. Medicine (2019) 98:10 www.md-journal.com Table 9 Estimated crude and adjusting ORs for WC and cognitive performance categorized by education in population (N = 9308).
Variables TICS P (b,SE)
Immediate word recall P (b,SE) delay word recall P (b,SE) Zhang et al. Medicine (2019) 98:10 Medicine loss and dementia. [27, 28] Kivipelto [29] and Johnson [30] reported that obesity at midlife was related to the risk of dementia, after adjusting for confounders of socio-demographic variables. Gorospe [31] suggested that the relationship between adiposity and cognition in late life remains controversial. However, Stewart [32] reported that no association or that being underweight is associated with dementia. Han [10] concluded that the relationship between obesity and cognitive defect differs between the sexes in the elderly. In men, the prevalence of obesity is increased over time when obesity in the baseline assessment has a positive effect on cognitive function. However, in women, the prevalence of obesity is decreased over time when obesity in the baseline assessment is associated with cognitive decline. Conversely, the prevalence is increased when normal weight is associated with cognitive decline.
In our study, we removed the possible confounders and discussed the relationship between 2 adiposity parameters and 5 domains of cognitive function. In this large cohort of middle-aged and older adults, we found a positive relationship between adiposity parameters and cognition in all variables after adjusting for age, education level, marital status, residence, cigarette smoking, alcohol drinking, eating habits, activity performance, history of a major accidental injury, self-reported health, physical exercise, sleeping hours, and diseases. Interestingly, we also found that there was a positive relationship between adiposity parameters and cognition in some domains. We also performed a stratified analysis according to age and education and found differences in the relationships between BMI or WC and cognitive function according to these variables. Specifically, participants with above high school education experienced no significant effect of BMI or WC on cognition. We carefully applied the "jolly fat" hypothesis, [33] which presumes that a relationship exists between adiposity and depression. It is well known that both adiposity and depression are associated with cognition; [3] thus, we examined whether the hypothesis could also be applied to the relationship between adiposity and cognition. Moreover, different relationships between adiposity parameters and cognition according to sex were observed in our study. Overweight and obese men had better cognitive performance in terms of mental capacity, immediate word recall, and ability to draw a picture, whereas overweight and obese women had better cognitive performance in terms of mental capacity, immediate and delayed word recall, and ability to draw a picture.
Our study found that a positive relationship between adiposity parameters and cognition exists in some domains in both sexes; however, the mechanisms were unclear. Considering the findings of our previous study, [34] this may be attributable to the fewer participants with depression in this study. Individuals who are less depressed tend to have the knowledge and attitude needed to cope with cognitive defects. Thus, these individuals tend to seek cognitive rehabilitation, which may contribute to the improved cognition found in middle-aged and elderly adults.
Pathophysiologic factors may play an important role in this sex difference. There are several possible explanations for the result. First, female sex is a well-known risk factor for dementia; the factors may have a greater effect on women than on men. Second, body fat, sex steroids, and their interaction in middle-aged and elderly participants may also contribute to the sex difference. As an important sex hormone, estrogen may have a key role in preventing cognitive defects. Middle-aged and elderly women with higher levels of adiposity have higher concentrations of estrogen, which may result in a strong protective effect against cognitive decline.
On the basis of the above-mentioned factors, our study demonstrated a significant relationship between adiposity parameters and cognition in both men and women, which supports the application of the "jolly fat" hypothesis.
This study has several limitations. First, the relationship between adiposity parameters and cognition in the elderly is complex. We considered as many confounders as possible; however, there are some unknown factors. Second, the relationship between adiposity parameters and cognition should be studied prospectively. We investigated cognition in middleaged and elderly participants in a cross-sectional study. The follow-up duration was relatively short to observe changes comprehensively. Lastly, more studies are needed to confirm our results. Nevertheless, our study also has several strengths. First, this study was based on a nationwide survey. Second, we conducted the analyses according to sex. Third, we used 5 domains to measure the cognitive function and 2 parameters to classify the adiposity of the participants.
Conclusions
Our study demonstrated a significant relationship between adiposity parameters and cognition in both men and women, which supports the application of the "jolly fat" hypothesis.
